In 2008, CDC published a supplement to the journal Cancer describing incidence patterns of human papillomavirus (HPV)-associated cancers prior to availability of an HPV vaccine. This report updates the information on HPV-associated female genital cancer incidence with more recent data, adds information on trends, and includes American Indian=Alaska Native (AI=AN) populations. We used combined data from two federal cancer surveillance programs, CDC's National Program of Cancer Registries (NPCR) and NCI's Surveillance, Epidemiology, and End Results (SEER) Program, covering 92% of the U.S. population from 1999 to 2004, to examine recent trends and incidence of invasive cervical carcinoma and vaginal and vulvar squamous cell carcinoma (SCC). Incidence of in situ vaginal and vulvar SCC are also presented. The average annual ageadjusted rate of cervical cancer among women of all races=ethnicities was 8.5=100,000. Annual cervical cancer incidence rates were highest but declined more rapidly among Hispanic and black women compared with nonHispanic and white women. The rate of vulvar cancer among all women was 1.7=100,000 and was higher among white women than other racial groups. Vulvar cancer rates rose among black women (þ2.9% per year) and were relatively stable among all other racial and ethnic groups over the 6-year period. Vaginal cancer was rare (rate 0.5=100,000); the rate was higher among black women than other racial groups and higher among Hispanic women than among non-Hispanic women. A significant decline of vaginal cancer was observed only among black women (À6.2% per year). This article confirms previous findings on racial disparities in HPV-associated female genital cancers. Any post-HPV vaccine declines in these cancers should be interpreted in light of current declines. Enhancing current cancer surveillance systems, combined with special studies to collect data on in situ or precancerous lesions of these cancers, will provide important information in determining the potential impact of the HPV vaccine.
Introduction
A lmost all cervical cancers and many vulvar and vaginal cancers are caused by the human papillomavirus (HPV).
1,2 HPV types 16 and 18 have been found in about 70%-80% of cervical cancers studied; a recent meta-analysis of U.S. studies estimated that HPV 16 can be found in about 50% of vulvar squamous cell carcinomas (SCCs) and 60% of vaginal SCCs. 3, 4 A vaccine protecting against HPV types 16, 18, 6, and 11 was approved and recommended for use among 11-12-year-old girls in the United States in 2006 and has been shown to effectively prevent precancerous lesions of the cervix, vulva, and vagina associated with HPV types 16 and 18. 5 In 2008, CDC led the development of a supplement to the journal Cancer describing the burden of HPV-associated cancers prior to the vaccine, using cancer registry data mostly from 1998-2003, covering 83% of the U.S. population. 6 With more recent data covering 92% of the U.S. population, the current report updates information on the burden of female genital HPV-associated cancers published in the Cancer supplement, describes trends of these cancers by race and ethnicity, and adds information on American Indian=Alaska Native (AI=AN) populations.
Materials and Methods
The 1999-2004 data from two federal cancer surveillance programs, CDC's National Program of Cancer Registries 1 Division of Cancer Prevention and Control, Centers for Disease Control and Prevention, Atlanta, Georgia. 2 Louisiana Tumor Registry, New Orleans, Louisiana. 10.1089=jwh.2009.1570 (NPCR) and NCI's Surveillance, Epidemiology, and End Results (SEER) Program, were used in this study. The data from 45 registries (Alaska, Alabama, Arkansas, Arizona, California, Colorado, Connecticut, District of Columbia, Delaware, Florida, Georgia, Hawaii, Idaho, Illinois, Indiana, Iowa, Kansas, Kentucky, Louisiana, Massachusetts, Maine, Michigan, Minnesota, Missouri, Montana, North Carolina, Nebraska, New Hampshire, New Jersey, New Mexico, Nevada, New York, Ohio, Oklahoma, Oregon, Pennsylvania, Rhode Island, South Carolina, Texas, Utah, Vermont, Washington, Wisconsin, West Virginia, and Wyoming) met the publication criteria for the United States Cancer Statistics (USCS) report and covered 92% of the U.S. population for those years. 7 More information on the data sources in this article can be found in Watson et al. 6 We examined invasive cervical carcinomas and invasive and in situ vulvar and vaginal SCCs, diagnosed during 1999-2004. In situ cervical cancers are not collected by NPCR and SEER. Cervical carcinomas and vulvar and vaginal SCCs are more likely than other cell types to be HPV associated; the case selection criteria in this report are the same as those of the Cancer supplement 6 and are listed in Table 1 . All analyses were limited to microscopically confirmed lesions.
JOURNAL OF WOMEN'S HEALTH
We examined cancers by race, including white, black, Asian=Pacific Islander (API), and AI=AN; ''All races'' also includes other and unknown categories. AI=AN data were enhanced by linkage with the Indian Health Service (IHS) administrative records database. 8 Hispanic ethnicity includes women from all race categories identified as being Hispanic in the medical record or by use of an algorithm to increase Hispanic identification. 9 Whites were used as the referent group for race comparisons and rate ratios (RRs); non-Hispanics were used as the referent group for Hispanic ethnicity.
Age-adjusted incidence rates per 100,000 females were calculated by age, race, and ethnicity in SEER*Stat and standardized to the 2000 U.S. Standard Population; limits of confidence intervals (CIs) were 95% and were based on the Gamma method using the Tiwari modification. 10 In describing rate comparisons, the term ''higher'' or ''lower'' was used when the RR differed significantly from 1.0 ( p < 0.05) unless otherwise specified. Annual percent change (APC) was calculated using the weighted least squares method. 11 APC was not presented when based on <16 cases for any single year within 1999-2004.
Results

Invasive cancers
There were an average of 11,657 invasive cervical carcinomas, 2,522 invasive vulvar SCCs, and 670 invasive vaginal SCCs diagnosed per year during 1999-2004, with respective rates of 8.5, 1.7, and 0.5=100,000 women ( Table 2 ). The rate of cervical cancer was highest among women aged 40-44. Rates of vulvar and vaginal cancer increased with advancing age and were highest among women !80 years.
Race=ethnicity. Compared with white women, the rate of invasive cervical carcinoma was higher among black women (RR 1.5) and lower among AI=AN women (RR 0.8); the rate among API women was not statistically different from that for white women. Hispanic women had a higher rate of cervical carcinoma than non-Hispanic women (RR 1.7).
White women had a higher rate of invasive vulvar SCC than women of all other races (compared to white: black RR 0.7; AI=AN RR 0.5; API RR 0.2). Likewise, the rate of invasive vulvar cancer was higher for non-Hispanic women than for Hispanic women (RR 0.7). Compared with white women, invasive vaginal SCC rates were higher among black women (RR 1.7) and lower among API women (RR 0.7). The rate of invasive vaginal SCC among AI=AN women was not significantly different from that for white women. Hispanic women had a higher rate of vaginal cancer than non-Hispanic women (RR 1.2).
Annual percent change (APC). The rate of invasive cervical carcinoma declined significantly over the 6-year period, from 9.3 in 1999 to 7.7 in 2004 (Fig. 1) . Declines in invasive vulvar SCC (from 1.74 in 1999 to 1.71 in 2004) and invasive vaginal SCC (from 0.47 to 0.44) were not statistically significant. Figure 2 displays APC during 1999-2004 by race=ethnicity. Cervical carcinoma declined significantly among all women (À4.1%) and for each race group separately: white (À4.0 %), black (À5.1%), AI=AN (À7.1%), and API (À4.8%); by ethnicity, non-Hispanic (À4.0%) and Hispanic (À5.0%) also declined. Trends in invasive vulvar SCC were not statistically significant for women of all races or for any racial=ethnic group, with the exception of black women, for whom vulvar SCC increased significantly (þ2.9%). Trends in invasive vaginal SCC were also stable for all women combined and for all racial=ethnic groups except black women, among whom the rate declined (À6.2%). Low case counts for invasive vulvar and vaginal SCC prevented trend analysis among AI=AN women. 
In situ cancers
There were an average of 1,660 in situ vulvar SCCs and 176 in situ vaginal SCCs diagnosed per year during 1999-2004, with respective rates of 1.2 and 0.1=100,000 women (Table 3) . Women diagnosed with in situ tumors were younger compared to the respective invasive tumors. In situ vulvar cancer peaked at age 45-49, and in situ vaginal cancer peaked at age 70-79.
Race=ethnicity. The rate of in situ vulvar SCC was lower among black women (RR 0.7) and among API women (RR 0.2) compared with white women; the rate for AI=AN women was { Data are from 45 population-based cancer registries that participate in the NPCR and the SEER Program and meet high-quality data criteria. 7 These registries cover approximately 92% of the U.S. population. Hispanic ethnicity is not mutually exclusive from race (white, black, AI=AN, API). AI=AN and API APC not presented for cancers with diagnosis years <16 cases. not significantly different from that of white women. The rate of in situ vulvar SCC was lower among Hispanic compared with non-Hispanic women (RR 0.5). The rate of in situ vaginal SCC was about the same among white and black women and among Hispanic and non-Hispanic women; rates for API and AI=AN were suppressed because of low numbers.
Discussion
This report uses recent population-based cancer registry data covering 92% of the U.S. population to assess racial and ethnic disparities in the burden of HPV-associated cervical, vulvar, and vaginal cancers and their incidence trends in recent years, confirming findings from our previous report and increasing the population coverage by 9%. AI=AN data are included for the first time, allowing for expanded racial comparisons of these cancers.
Our data showed that cervical cancer incidence rates decreased more rapidly in Hispanic and black women than in non-Hispanic and white women, possibly reflecting continued effectiveness and out reach of screening programs. 12 Although cervical cancer incidence rates declined substantially over time among Hispanic and black women, they remain higher than rates for non-Hispanic and white women. AI=AN women had the lowest incidence rate of cervical cancer and the highest decline in its rates over time. However, recent research specifically examining cancers among AI=AN women has shown up to 2-fold differences in cervical cancer rates among regions with large AI=AN populations; many regions had higher rates of cervical cancer among AI=AN women than white women. 13 Our national analysis does not account for such regional variations. Recent decreases in rates could be related to recent screening programs targeted to AI=AN women, such as the Native American Breast and Cervical Cancer Treatment Technical Amendment Act in 2001, which helps improve access for AI=AN women to the National Breast and Cervical Cancer Early Detection Program (NBCCEDP).
14 This decrease, together with ongoing disparities among black and Hispanic women, underscores the need to continue and emphasize targeted prevention and screening efforts among high-risk groups.
Consistent with previous publications, we found that vulvar cancer incidence rates were higher among white women than among women in other racial and ethnic groups. 15 Certain histological subtypes of vulvar cancer (for instance, basaloid and warty types) are very strongly associated with HPV; however, these subtypes are difficult to assess using cancer registry data. 15 Thus, it is possible that racial differences in vulvar SCC incidence rates may not reflect real racial differences in HPV-associated vulvar cancers. The trends in vulvar SCC indicated that race differences narrowed over time because the rate significantly increased among black women and leveled among white women; reasons for the increase among black women were not clear.
We found that incidence rates of vaginal SCC were higher among black and Hispanic women. Rates of vaginal SCC significantly declined since 1999 among black women; decreases among other race groups were not statistically significant. Although vaginal cancer risk factors, especially HPV infection, are similar to those for cervical cancer, effective screening programs led to declines in cervical cancer, and there is no screening program for vaginal cancer.
Continued surveillance of HPV-associated cancers using cancer registry data and special studies will enable us to monitor any changes in the burden of HPV-associated cancers among women. Although population-based cancer registeries are currently the best way to determine the ultimate outcome of cancer prevention efforts, they collect data on invasive cervical cancers only; monitoring precancers will identify any impact of the vaccine more quickly. Information from our previous study has been made available to the general public on the CDC website, in an HPV-associated cancers section available at www.cdc.gov=cancer=hpv, and a web portal linking all of CDC's information on HPV is being developed.
Cancer registries serve an essential public health function through the collection and compilation of cancer incidence
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data. 16 The infrastructure to conduct population-based surveillance for the HPV vaccine is already in place through the cancer registries, and they provide a unique opportunity to build on existing programs to conduct enhanced surveillance of HPV-associated cancers and precancers. These efforts will require a well-funded and carefully organized national effort 17 ; however, using central cancer registries for surveillance of the impact of the HPV vaccine poses numerous challenges. First, there is no central vaccine registry in the United States, and the ability of state registries to link vaccine records with cancer registry data varies by state. Special studies could link information on HPV vaccine status with cancer cases, but this information would likely be subject to recall bias or self-report issues, as with all survey data. Additionally, changes in treatment of HPV-associated lesions may result in fewer of these lesions progressing to the invasive stage, making it difficult to determine whether potential decreases in invasive cervical cancer and other HPV-associated cancers result from the vaccine or from changing treatment guidelines (although special studies could potentially assess changes in treatment). Also, changes in additional risk factors for HPV-associated cancers could affect the rates of these cancers in the population independent of any impact of the vaccine; if, for example, smoking rates increase, HPV-associated cancers could also increase. The recommended age for vaccination is 11-12 years of age, so surveillance of younger women is important. Because of the long latency between HPV infection and development of cervical cancer, the effectiveness of HPV vaccination may not be notable for decades, particularly for invasive cancers, which take longer to develop than earlier lesions.
Cancer registry data have some limitations that impacted on our study. Although NPCR and SEER registries combined currently (since 1998) cover the entire U.S. population, only registries that met USCS publication criteria for data completeness, quality, and timeliness for all 6 years were included in this analysis. As the quality and timeliness of NPCR data improve, national analysis of central cancer registry data covering 100% of the United States will be possible. However, we believe that recent analyses covering a large proportion of the U.S. population are generally representative of the rates of HPV-associated cancers. Data are from 45 population-based cancer registries that participate in the NPCR and the SEER Program and meet high-quality data criteria. 7 These registries cover approximately 92% of the U.S. population.
Population-based cancer registries provide an excellent system to measure invasive cancers, but the information collected on preinvasive tumors is less comprehensive. Data on in situ cervical cancer are not collected nationally. Data on vaginal and vulvar intraepithelial neoplasia are not collected consistently at the national level; these lesions are strongly associated with HPV. 18 Data on these precancers could provide more accurate information on the potential impact of the HPV vaccine years earlier than studying invasive cancers alone. However, as in situ cervical cancers and vaginal and vulvar intraepithelial neoplasia are often diagnosed and treated in outpatient settings and pathological diagnosis is not always consistent, collection of these data can be difficult and costly for registries. Another limitation of cancer registry data is that individual risk factor information, such as HPV status or smoking, is not readily available on cancer cases. Reporting of race and Hispanic ethnicity uses data from medical records, which may or may not be accurate. However, application of the North American Association of Central Cancer Registries (NAACCR) Hispanic Identification Algorithm (NHIA) to incidence data increased identification of women likely to be Hispanic. Linkage with IHS records increased identification of AI=AN women, but this linkage is more effective in rural areas, where IHS utilization is more common, than in urban areas, where AI=AN persons may be more likely to use private health services. 19 Another limitation to this analysis may be that population denominators include all women, not just those with an intact cervix and, therefore, at risk for cervical carcinoma. Merrill 20 estimated cervical cancer rates in SEER using data from the Behavioral Risk Surveillance System and the National Health Interview Survey and excluding women having had hysterectomies from the denominator; rates of cervical cancer and racial disparities were substantially increased. More research is needed to determine the applicability of that method or other methods to determine the population at risk for developing cervical cancer.
Conclusions
Enhancing current cancer registry surveillance systems to record information on HPV-associated female genital cancers and their precursors, combined with special studies, can be of great importance in determining the impact of the HPV vaccine. Any post-HPV vaccine declines in cervical cancer should be interpreted in light of previous declines before the vaccine was available. This study confirms findings from our previous studies using newer data covering a larger proportion of the population to examine the most recent estimate of the burden of HPV-associated female genital cancers in the United States, setting the stage for monitoring the impact of the HPV vaccine and other emerging technologies to detect potential changes in the burden of cervical cancer over time. Although this report covers a large proportion of the U.S. population, improved collection of cancer registry data will be essential to continued monitoring of the burden of HPV-associated female genital cancer in all areas of the United States.
